ABSTRACT
INTRODUCTION
Irritable bowel syndrome (IBS) is a disease characterized by chronic recurrent abdominal pain or discomfort and altered bowel habits. Its prevalence is 10%-15% worldwide (1) . IBS is a functional disorder that is diagnosed according to symptom-based criteria known as the Rome criteria (2) .
The etiology of IBS remains unclear. The potential mechanisms underlying symptoms are multiple. One of the mechanisms gaining traction in the pathophysiology of IBS is immunomodulation in the brain and bowel motor system, which is triggered by low-grade inflammation. This theory has been supported by numerous recent studies (3) . Recently, some of these studies have endorsed that low-grade mucosal inflammation could lead to alteration in colon motility and visceral perception. It has been reported that colon biopsy specimens of patients with IBS showed higher concentrations of plasma cells, goblet cells, and mast cells (4) . Moreover, it has been reported that the expression of T lymphocytes, enterochromaffin cells, and interleukin-1β was increased in the lamina propria of the colons of patients with IBS (5-7). Furthermore, patients with post-infectious IBS and diarrhea without infection history have been reported to show more intraepithelial lymphocytes (IEL), enterochromaffin cells, and mast cells in their colon biopsies than patients who presented with constipation-dominant IBS (IBS-C) and healthy volunteers (8) . Quantitative histology, cytokines, and mediators of mucosal biopsy specimens of patients with IBS have been examined (9, 10) . However, these studies have reported conflicting results. Some studies have shown increased mucosal immune cell infiltration in colonic biopsy specimens of patients with IBS, but these studies have also reported no difference between patients with IBS and healthy controls according to mucosal inflammation (9) . In a recent review that evaluated 66 studies, the authors could not make any certain conclusions from their results due to the lack of standardization in the study design (10) .
In the present study, we aimed to investigate the presence of mucosal immune cell infiltration in mucosal biopsy specimens of patients with IBS and to compare this result with results in healthy volunteers.
MATERIALS AND METHODS

Study design and subjects
In total, 36 patients with IBS that was diagnosed according to the Rome III criteria were enrolled in the study. All patients were questioned regarding IBS symptoms (constipation, diarrhea, and abdominal discomfort), and they reported the presence of IBS symptoms for at least 1 year. We included patients with diarrhea or constipation-dominant IBS (IBS-D or IBS-C) and excluded those with alternating subtypes. Moreover, we excluded patients with a history of acute gastroenteritis before diagnosis from the study. The inclusion and exclusion criteria are briefly mentioned below: In total, 16 patients were enrolled as the healthy control group. The inclusion and exclusion criteria of the control group were as follows. Written informed consent was obtained from each patient before performing the study procedures.
Endoscopy and pathology
For endoscopic investigation, a Fujinon 450 system EC450WL5 (Fujifilm, Tokyo, Japan) colonoscope was used. During colonoscopy procedures, rectal and terminal ileal mucosal biopsy specimens were obtained from all patients. Paraffin blocks were prepared from the biopsy materials; from these blocks, six 2-3-µm-thick serial sections were obtained. One section was used for routine hematoxylin-eosin staining, and the rest were used for immunohistochemical analyses. To provide dryness and to secure the sections, slides prepared for immunohistochemistry were placed in an incubator at 56°C for a night. On the following day, the slides were placed in a Benchmark XT/ IHC Staining module (Ventana Medical System, Tucson, Arizona, USA), and deparaffinization, antigen retrieval, primary antibody incubation, amplification, and counterstaining with hematoxylin processes were performed. (The properties of primary antibodies are summarized in Table 1.) Immune complexes were visualized by diaminobenzidine precipitation. After these automatic steps, the slides were removed and washed using water with detergent and placed into absolute alcohol and xylene for 3 min each three times. Finally, the slides were sealed using DPX-'Mountant for microscopy'® (VWR International Ltd., Leics, England).
Immunohistochemical examinations were conducted by a single pathologist (GY) who was blinded to the clinical status of the patients. Cytoplasmic staining was accepted as positive for serotonin, and positive-stained cell counts were determined per 100 enterocytes in rectal and terminal ileal biopsy specimens of each patient. The cluster of differentiation CD3+, CD4+, CD8+, and CD20+ positive cells in the lamina propria and in rectal and terminal ileal biopsy specimens were counted within five consecutive non-overlapping high-power fields (HPF; final magnification, 40'; FN, 22). IELs per 100 enterocytes were counted in CD3-stained sections (Figures 1-3 ). Fields containing parts of lymphoid aggregates were avoided.
Statistical analysis
The Statistical Package for Social Sciences (SPSS) version 22.0 for Windows (IBM Corp.; Armonk, NY, USA) was used for the statistical analysis of data. Descriptive data are given as the number of patients and frequency. Categorical variables are expressed as the number of patients and percentage value. The comparison of categorical variables was performed using chi-squared and Fisher's exact tests. Continuous variables are expressed as mean and standard deviation. Shapiro-Wilk test was used to determine whether the continuous variables were normally distributed. For continuous variables, Student's t-test and Mann-Whitney U test were used relative to the normality of the distribution of the variables. Spearman's correlation test was used to analyze the association between the variables. A p value of <0.05 was considered statistically significant. This study was conducted in accordance with the Declaration of Helsinki. The Ethics Committee of İstanbul University İstanbul School of Medicine approved the protocol of the study (2006/503).
RESULTS
In total, 52 patients were included in the study; 16 patients were controls, and the remaining 36 were patients with IBS. In the IBS group, 15 patients presented with IBS-D and 21 patients presented with IBS-C. The mean age of the patients with IBS was 46.4±14.3 years, and 52.8% patients were females. The mean age of the control group was 47±14.8 years, and 43.8% patients were females. Two groups were similar in terms of age and sex (p>0.05) distribution. The IBS-D and IBS-C groups were also similar in terms of age (44.6±15.7 vs. 47.7±13.5 years, respectively) and sex distribution (53.3% vs. 52.4% were female, respectively) (p>0.05). The number of inflammatory cells in mucosal biopsy specimens of the groups is shown in Table 2 . In the comparison of the IBS-D and control groups, serotonin-positive cells; IELs; CD20+ cell counts in terminal ileal and rectal biopsy specimens; and CD3+, CD4+, and CD8+ cell counts in terminal ileal biopsy specimens showed no statistically significant difference (p>0.05) ( Table 2 ). When rectal and terminal ileal biopsy specimens of the IBS-C and control groups were compared, the counts of serotonin-positive cells, IELs, and CD20+ and CD8+ cells were found to be similar (p>0.05) ( Table 2) . 1-3) . Although recent studies investigating mucosal inflammation in IBS have shown increased cellular infiltration in the mucosa, their results appear to be controversial. In addition, there are data supporting a lack of significant difference between mucosal cell infiltration in patients with IBS and control groups. A study conducted by Cremon et al. in colonic biopsies of patients with IBS has shown that counts of CD3+ cells, CD8+ cells, and T lymphocytes were increased (9) . In contrast, studies showing have also shown no change in the number of CD3+ and CD8+ cells in patients with IBS (11, 12) . In a study conducted by Braak et al. (13) , the authors have shown that CD8+ T lymphocyte count was lower in patients with IBS than in healthy controls in descending colon biopsy specimen. In the same study, no difference was reported between the descending colon biopsy specimens of the IBS and control groups in terms of CD3+ T cells. In our study, the number of CD3+ T lymphocytes was lower in rectal biopsies of patients with IBS (and both IBS-D/ IBS-C subgroups) than in that of the controls. Furthermore, the number of CD3+ cells in terminal ileal biopsy specimens was lower in the IBS group than in the control group. According to our findings, CD8+
IBS vs. control group
T lymphocyte counts in terminal ileal and rectal biopsy specimens were similar in the IBS and control groups. However, in rectal biopsy specimens of the IBS-D subgroup, there was a statistically significant reduction in the number of CD8+ cell type compared with those of the controls. Similarly, Chang et al. (14) have demonstrated a reduced expression of proinflammatory cytokines in the sigmoid colon of patients with IBS. There are also studies reporting colonic mucosal gene expression indicating compromised mucosal immunity in IBS and the downregulation of genes related to T cells and macrophages (15, 16) . Taken together, our data indicate the possibility of mucosal immune dysregulation rather than immunoactivation. A study by Verma-Gandhu et al. (17) has reported that T lymphocytes played a critical role in visceral nociception, and the authors have proposed that these cells provided anti-nociceptive influence in the gut. Our results support this theory, and the results of Verma-Gandhu et al. (17) , which suggested that reduced rather than increased colonic mucosal T lymphocytes infiltration might be one of the factors that can explain the symptoms of patients with IBS. A study by Hughes et al. has supported the claim that immune function is altered in patients with IBS. This alteration, particularly in monocytes/macrophages but not in lymphocytes, had functional consequences on viscerosensory afferent nerves in IBS (18) .
A study by Forshammar et al. (19) has shown that CD20+ cells in colon biopsy specimens of patients with IBS, diagnosed according to the Rome II criteria, were lower than in a control group of healthy volunteers. In a study by Cremon et al. (9) , B lymphocyte counts in colon biopsy specimens of patients with IBS, again, diagnosed according to the Rome II criteria, and in healthy volunteers did not differ. In our study, consistent with the previously reported data, the number of CD20+ B lymphocytes in rectal and terminal ileal biopsy specimens showed no significant differences between the control and IBS groups.
Comparisons of the IBS subgroups with the control group revealed no significantly differences in terms of CD 20+ cell counts.
Spiller et al. (6) have compared post-dysenteric patients with IBS with a control group. The initial rectal biopsies revealed significantly increased serotonin-positive and CD4+ cell counts in IBS compared with the controls. In repeated rectal biopsies, CD4+ cell count declined over time, whereas serotonin-positive cell count remained high. In our study, CD4+ T lymphocytes in rectal and terminal ileal biopsy specimens were significantly lower in the IBS group than in the controls. The assess-ment of serotonin-positive cells in two biopsy regions revealed no significant difference compared with the control group. These different results might be due to the fact that the patients with IBS in the Spiller et al.'s study were post-dysenteric, whereas the patients in our study had no history of acute infectious diarrhea. The contradictory results in the literature regarding mucosal immune cell infiltration might be due to heterogeneous patient groups.
Colonic mucosal biopsies have generally been used in studies that aimed to evaluate mucosal inflammation in patients with IBS. There are only three studies that have evaluated immune cell infiltration in the small intestine.
In one of these studies, the duodenum was the evaluation site of inflammation in patients IBS, whereas the jejunum was the evaluation site in the remaining other two studies (20) (21) (22) . There are no data regarding immune cell infiltration in the ileum of patients with IBS. In our study, we investigated the terminal ileum for mucosal inflammation in IBS and its subtypes and showed that CD3+ and CD4+ T lymphocyte counts were lower in the ileum of the IBS group than in the control group.
Rectal and terminal ileal biopsy specimens of the IBS and subgroups in our study were positively correlated in terms of the number of inflammatory cells. These data suggest that rectal biopsy may be sufficient for evaluating inflammation in patients diagnosed with IBS according to the Rome criteria. However, the terminal ileum should be macroscopically examined in each colonoscopy performed with the clinical suspicion of inflammatory bowel disease. This is even more important in patients with a predominant symptom of diarrhea. If the terminal ileal mucosa appears normal on macroscopic examination, rectal biopsy may be sufficient.
In this study, we showed that there is no increase in inflammation in patients with IBS compared with control patients in contrast to the current data. Our result should be validated in larger cohorts. Our sample size may be one of our study's limitations. As another limitation, serum cytokine levels might also be evaluated as inflammation markers, but the aim of our study was to evaluate mucosal inflammatory markers, and serum cytokine levels might be the subject of another study.
Although the recent studies on the pathophysiology of IBS have demonstrated controversial results regarding mucosal inflammation, IBS and its subgroups were found to have lower immune cell counts than the healthy controls in our study. Therefore, our results question the role of mucosal inflammation in the pathophysiology of non-post-infectious IBS.
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